Abstract. We use the ferroprobe measurements from four spacecraft of Cluster-2 mission (3 events from 2005 to 2015) for the analysis of turbulent processes in the Earth's magnetotail. For this study we conduct the spectral, wavelet and statistical analysis. In the framework of statistical examination, we determine the kurtosis for selected events and conduct extended selfsimilarity evaluation (analysis of distribution function moments of magnetic field fluctuations on different scales). We compare high order structure function of magnetic fluctuations during dipolarization with isotropic Kolmogorov and three-dimensional The wavelet analysis shows the presence of both direct and inverse cascade processes, which indicates the possibility of self-organization processes, as well as the presence of Pc pulsations.
Introduction
The physical process responsible for the onset of magnetospheric substorms remains an unsolved mystery in spite of more than five decades of intense research efforts after the discovery of this episodic disturbance in the ionosphere and the magnetosphere. The cross-tail current breaks up into filaments and may reverse its direction. The associated plasma flow pattern is not organized by the B z polarity, unlike magnetic reconnection.
In the dipolarization region the fluctuations of magnetic field greatly differ from the region before dipolarization: in particular for event on 2005-10-01 the magnetic field variations normalized to the current mean value are δB x /B x ∼ 0.5 − 1, δB y /B y ∼ 1, δB z /B z ∼ 1, δB/B ∼ 0.8 − 1; for event on 2005-10-15 -δB x /B x ∼ 0.2 − 0.5, δB y /B y ∼ 0.3 − 1, δB z /B z ∼ 0.4 − 0.8, 5 δB/B ∼ 0.5 − 1; for event on 2015-09-12 -δB x /B x ∼ 0.5 − 1, δB y /B y ∼ 0.5 − 0.7, δB z /B z ∼ 0.8 − 1, δB/B ∼ 0.8 − 1.
Since the region of dipolarization is fixed by four space vehicles, we were able to estimate the speed and direction of the dipolarization front (DF) motion, the thickness of the front (Table 1 ). The estimated values of plasma characteristics in dipolarization region (interval 2) are collected in Table 2. 4 Ann. Geophys. Discuss., https://doi.org /10.5194/angeo-2018-50 Manuscript under review for journal Ann. Geophys. Moreover, according to Fu et al. (2012) , during the dipolarization the variation of B z for different satellites can be represented as:
where, ∆t = t−t DF represents the interval from 60 s before to 15 s after the dipolarization front. a, b, c are fitting coefficients, and σ is a standard error.
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The calculated values of the coefficients are also given in Table 1 . Within the spectral analysis, the spectral power density (PSD) was built from the frequency f , and the power-law dependence
was determined. To determine the PSD signal for a series of N measurements X n , a discrete Fourier transform Daly and Paschmann (2000) was used:
where
To find the break points and the slope of the spectrum, we used a piecewise linear approximation of log PSD from log(f )
in the frequency range 0.005− ∼ 1.0 Hz for the pre-dipolarization interval and 0.01 − 3.0 (events 2005-10-01, 2005-10-15) and 0.01 − 1.0 (event 2015-09-12) Hz for dipolarization. The limitation of frequencies from above is due to the presence of 10 instrumental noise, and from below, to the amount of data sampling and the edge effect of the smoothing procedure. The PSD results for the absolute value of the magnetic field are shown in Fig. 3 and Table 3 .
In the region before the dipolarization (interval 1), for all events considered and spacecraft, there is no sharp change in the PSD power law in the inertial interval (the exponent varies in the range from -2.08 to -1.68). For interval 2 (the dipolarization interval), the situation is significantly different. There is an increase in the "steepness" of PSDs for higher frequencies than the 15 kink frequency, which means more efficient energy transfer from large to smaller scales. For practically all spectra of interval 2, the kink frequency is less or close to the average value of the proton gyrofrequency ( Table 2 ). The kink frequency determines the characteristic frequency of the type change (i.e., the energy transfer rate) of the turbulent cascade in the inertial range. In 3.2 Wavelet analysis.
Within the framework of the wavelet analysis for a series of measurements X n (n = 0, 1 . . . N − 1) with time shift δt, a Morlet
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wavelet Torrence and Compo (1998) was used:
where ω 0 -dimensionless frequency, η -dimensionless time. The continuous wavelet transforms of the discrete signal X n is defined as the convolution of the mother wavelet whose argument is scaled and transmitted with a signal Farge (1992) ; Grinsted et al. (2004) ; Jevrejeva et al. (2003) :
where ( In the presence of intermittency in magnetic field fluctuations, the energy cascade is characterized by non-homogeneous nonlinear transfer of energy among smaller and smaller structures, with the result of concentrating the energy on limited regions of space.
This effect becomes more and more intense at smaller and smaller scales. More properly, intermittency corresponds to scale 5 dependent, non-Gaussian, heavy tailed probability distribution functions (PDFs) of the field fluctuations Frisch (1995) . NonGaussianity of the PDFs, which increases as the scale decreases, is indeed due to the presence of the intense, phase correlated fluctuations, due to the transfer of energy between contiguous eddies. It should be pointed out that spectral properties of the field are not sensitively affected by intermittency. This is normally studied through the scaling properties of PDFs, or through their high order moments (the structure functions), for which models and theoretical results exist Frisch (1995) . The observation of intermittency implies that a nonlinear, non-homogeneous energy transfer is going on Zimbardo et al. (2010) .
In order to determine the presence of intermittence, an analysis on the value of the excess for all the SCs of the considered events has been performed, as well as the Hölder parameter h for spacecraft C1 has been determined. In this case, the statistical properties of the absolute value of the magnetic field fluctuations at different time scales were analyzed. The use of the Taylor The value of the kurtosis was determined by the moments of the second and fourth order from the formula Zacks (1971):
where For SC C3 and C4, changes in the value of kurtosis are very similar. The largest jump is observed for C1, 2015-09-12. A sharp drop in the kurtosis is observed on the scales to the ion-cyclotron frequency Table 2 .
The "gap" of values for interval 2 for very small τ can be explained by the instrumental error of observations.
Thus, for a region of dipolarization at small time scales, we have a distribution with a sharper vertex and broad wings (the 20 excess value is greater than 3) than for a normal distribution. The presence of intermittency is indicated by the analysis of the first-order structure function Fig. 8 . For a self-affine signal,
, where h is the Hölder exponent (h = 0.5 for Brownian motion). The higher value of h afterward indicates a persistent signal with a longer correlation than a random noise and may imply the occurrence of reorganization during dipolarization Chang (1992) ; Consolini and Lui (2000) . In our case, the parameter h ≈ 0.659 ± 0.005 at the time of dipolarization.
Also, for the interval prior to dipolarization, the variations "caused" by the presence of spacecraft spin effects in the data are 5 clearly visible.
To compare the type of turbulent processes with the available models of turbulent processes, an analysis of the high-order structural function was done, allowing one to characterize the properties of heterogeneity at small time scales.
In this case, the structural function is determined by the ratio:
10 where . . . -time average of the data, τ -time shift.
The existence of the criterion of generalized self-similarity for an arbitrary pair of structural functions
allows one to find ζ(q) and estimate the type of turbulent and diffusion processes Dubrulle (1994) . In this case, the nonlinear functional dependence ζ(q) from the order of the moment q for experimental data is a consequence of the intermittency of processes. For the interpretation of the nonlinear spectrum ζ(q), the log-Poisson model of turbulence is used, in which the 
where β and ∆ -parameters that characterize intermittency and singularity of dissipative processes, respectively. It is important to note that within the framework of this model a stochastic multiplicative cascade is considered, and the logarithm of 5 dissipation energy is described by the Poisson distribution. For isotropic three-dimensional turbulence -∆ = β = 2/3 (SL) She and Leveque (1994) . The power law of the type S q (τ ) ∼ τ ζ(q) (i.e. self-similarity -linear dependence) is observed on limited time scale intervals Fig. 9 . For the considered satellite measurements, this interval is close to the value of the ion cyclotron frequency during dipolarization Table 2 . Table 4 . In addition, the obtained values can be used to determine the characteristics of the diffusion transfer of plasma. The coefficient 15 of generalized diffusion is determined by the parameters of the structural function ζ(q) (intermittency and singularity) by the relations Chechkin et al. (2008); Treumann et al. (1990); Prokhorenkov et al. (2015) :
This approach is used to estimate the transfer in a statistically inhomogeneous medium, and the index R, in general, is determined by the fractal properties of the medium. Table 4 ). Given that the law of particle displacement over time is given by the formula: δx 2 ∝ Dτ ∝ τ δ with an indicator δ ∝ 1+R ≈ 1.20÷1.77 > 1, this dependence means the existence of super-diffusion.
Conclusions
As a result of the analysis, it can be concluded that the relative variations of the magnetic field during the dipolarization Hall-MHD by taking appropriate limits. By considering magnetic turbulence spectra for scales smaller than c/ω pi , Galtier and Buchlin (2007) found a number of spectral indexes, which go from α = 7/3 when magnetic energy dominates kinetic energy, to α = 11/3 when kinetic energy dominates magnetic energy.
Also, within the framework of the research the following results were obtained:
-the higher the PSD value, the greater is the value of the height of the excess;
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-log-Poisson mode of turbulent processes with She-Leveque parameters corresponds to variations in the value of K(τ ) in the range of 30 − 40;
-the spectral indices correlate with the values of the diffusion coefficient.
The wavelet analysis showed the presence of both direct and inverse cascade processes, as well as the presence of Pc pulsations. The presence of Pc pulsations in the region of dipolarization was also discussed in Panov et al. (2013 Panov et al. ( , 2015 .
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Thus, during dipolarization the large-scale and multi-fractal disturbances of the magnetic field are fixed and the presence of inverse cascade processes also indicates the possibility of self-organization processes. 
